Infections and periprosthetic fractures are uncommon but dreaded complications of total knee arthroplasty which carry attendant morbidity and prolonged hospitalization and necessitate repeat surgery. We present a patient with a total knee arthroplasty who had both intra-operative and post-operative periprosthetic fractures who subsequently developed infection of the prosthesis necessitating revision surgery. This was complicated too by positive intra-operative tissue cultures. The clinical course, presentation and management are discussed. Total knee arthroplasty is a frequently performed and successful operation and its complications are challenging to address and require early recognition by the surgeon with appropriate referral to a dedicated arthroplasty surgeon as needed.
InTRoduCTIon
Total knee arthroplasty is a commonly performed orthopaedic operation for arthritis of the knees which have failed conservative treatment. Current total knee arthroplasty designs are derivatives of the original total condylar prosthesis described by John Insall in 1973. The complications of total knee arthroplasty include implant failure, peri-prosthetic fractures and infection 1 . We report this patient who had both intra-operative and post-operative periprosthetic fractures followed by implant infection which necessitated a 2-stage revision which was complicated by positive intra-operative tissue cultures, highlighting the morbidity and problems in the management of an arthroplasty with a complicated clinical course.
CAse RepoRT
Our patient is Mr H, a 65-year-old Indonesian man who had a previous left femur shaft fracture in 1963 for which intramedullary nailing was done with subsequent removal of implants in 1964. He presented with left knee pain on climbing and walking for which he had tried physiotherapy and analgesia. On examination, Mr H had left knee genu varus with medial joint line tenderness with a fixed flexion deformity of 20° and a range of motion of 20° to 90°. Initial radiographs of the patient's left knee showed genu varus with tricompartmental osteoarthritis with a broken intramedullary nail in the proximal femur shaft.
Mr H underwent a left total knee replacement with a posterior-stabilised condylar knee prosthesis at a private centre. He unfortunately sustained an intra-operative lateral femoral condyle fracture which was fixed with 3 lateral condyle screws and was discharged well on his third post-op day with partial weight-bearing ambulation.
Mr H returned 4 weeks post-surgery with left knee pain and swelling after twisting his left knee while walking and was unable to ambulate. Radiographs of his left knee revealed a periprosthetic supracondylar femur fracture for which open reduction and internal fixation was performed with a distal femoral locking plate ( Fig. 1, overleaf ) . He was discharged on post-op day 6 and he returned to Indonesia subsequently. One year post-surgery, Mr H returned from Indonesia with left knee pain and swelling for 1 month. He was unable to bear weight due to the pain and he had fever for 1 month. On examination, his left knee was warm with overlying erythema and an effusion. The plain radiograph of his knee showed evidence of loosening of the tibial tray ( Fig. 2 ). His serum haemoglobin (Hb) was 8.3 g/dl, total white cell count (TWC) 12.42 x10 9 /l, erythrocyte sedimentation rate (ESR) 133 mm/hr and his C-reactive protein (crp) 141 mg/l. He underwent a left knee synvectomy, tissue biopsy and washout. The documented intra-operative findings were that of synovitis with serous fluid, no pus seen with well-fixed implants with no evidence of loosening. The polyethylene liner was not changed during the operation. Microscopic examination of the intraarticular fluid obtained intra-operatively revealed polymorphonuclear neutrophils 1+ with no organisms seen on Gram stain. Culture of the fluid grew Methicillin-sensitive Staphylococcus Aureus. Tissue, blood and urine cultures did not demonstrate any bacterial growth. The patient was discharged on post-op day 6 with a course of oral Augmentin 625 mg bd and was ambulating with a walking stick. He subsequently defaulted follow-up.
Four months later, Mr H presented to us with nocturnal fever, chills and rigors for 4 months with loss of weight of 15 kg over the same period with left knee pain, swelling and stiffness. The nocturnal left knee pain was affecting his sleep. On examination, his temperature was 37.1°C, blood pressure 100/70 mmHg, heart rate 75/min with a erythematous left knee with increased warmth and a large effusion. His range of motion was 0 to 45°. His serum Hb was 8.3g/dl, TWC 8.06 x10 9 /l, ESR 125 mm/hr, crp 62.8 mg/l. His radiographs showed osetolysis and loosening of both femoral and tibial components with a marked soft tissue swelling ( Fig.  3 , overleaf ). He underwent removal of implants and insertion of cement spacers ( Fig. 4, overleaf ) . The intra-operative findings were that of a healed supracondylar fracture with pus in the medullary cavity and loose femoral and tibial implants. He was referred to an infectious disease physician and was started on intravenous crystalline penicillin empirically. Cultures of the tissue and fluid taken intra-operatively grew Methicillin-sensitive staphylococcus aureus.
The treatment plan for Mr H was to 6 weeks of intravenous crystalline penicillin via a peripherally inserted central catheter (PICC). During the course Proceedings of Singapore Healthcare  Volume 19  Number 3  2010 of this treatment, the PICC was removed due to line sepsis and the patient was converted to oral clindamycin. This was complicated by left lower limb cellulitis during his admission which was treated with linezolid acid and pyridoxine. He was discharged on post-op day 46.
On follow-up at 10 months, Mr H's Hb was 13.7g/dl, TWC 5.9 x10 9 /l, ESR 5 mm/hr, crp 1.2 mg/l. A culture of a left knee aspirate off antibiotics did not demonstrate any bacterial growth. He underwent second-stage revision as there was no evidence of active sepsis. His knee was valgus with a lax but competent medial collateral ligament and thus a constrained Zimmer LCCK implant was used ( Fig. 5 ). Microscopic examination of the fluid sampled intra-operatively showed polymorphonuclear neutrophils 2+ with no organisms seen on Gram stain. Cultures of the fluid, tissue from left femur canal, left tibia canal and left tibia did not show any bacterial growth. However, a culture of tissue taken from the left femur grew a few Group B streptococcus, coagulase negative staphylococcus and Corynebacterium sp. The impression from the infectious disease consultant was that of an implant in an infected field and the patient was started on six weeks of intravenous vancomycin via a PICC. He went home on the thirteenth post-op day and is able to walk with a walking stick one month after his last surgery with a left knee range of motion of 5° to 95°. On followup at two years, Mr H was pain-free with a range of motion of 0° to 120° with no clinical or biochemical features of infection. components which can result in a fracture of the femoral condyle, more commonly involving the medial femoral condyle compared with the lateral femoral condyle and angular insertion and removal of the trial femoral prosthesis 3, 4 . The anterior femoral cortex can be perforated with the femoral intra-medullary reamer too. Lateral placement of the tibial component in a knee for which a high tibial osteotomy has been performed previously can result in a fracture of the tibia. Forceful eversion of the patella during exposure of the knee joint can result in a fracture of patella.
The appropriate management of intra-operative metaphyseal fractures of the distal femur such as the lateral condylar fracture sustained by our patient would involve the use of a stemmed femoral component to bypass the fracture in addition to screw fixation 5, 6 . A delay in weight-bearing after surgery should be considered too. The stem of choice would be a press-fit stem to engage the femoral diaphysis but if cement were to be used, the cement should not be at the fracture site where it can interfere with fracture healing. Bone graft can be employed too.
post-operative periprosthetic Fractures
Supra-condylar fractures have an incidence of 0.3 to 2.5% according to Rorabeck et al in 1999 7 . The trauma preceding such a fracture can be minimal or significant. The risk factors for post-operative periprosthetic fractures include patient factors such as osteoporosis, rheumatoid arthritis, corticosteroid use, age, female gender, neurologic disorders and frequent falls 8 . Local risk factors include osteolysis, stress risers from previous surgery, anterior femoral cortex notching and implant loosening. Femur periprosthetic fractures were classified by Rorabeck and Taylor in 1999 into type 1 fractures which have a stable fracture pattern and prosthesis, type 2 fracture which have an unstable fracture pattern but stable prosthesis and type 3 fractures which have an unstable fracture pattern and loose prosthesis.
The management of post-operative femur fractures depends on patient's bone quality, fracture pattern and whether the prosthesis is stable. Undisplaced type 1 fractures with stable prosthesis can be treated non-operatively with plaster cast or skeletal traction. Non-operative treatment is also employed in patient's who are not fit for surgery due to other medical co-morbidities. There is, however, a risk of a poor outcome with delayed union, non-union and a stiff knee after non-operative treatment 9 .
The choice of operative management depends on whether the prosthesis is well-fixed or loose. With a periprosthetic fracture and a well-fixed prosthesis, i.e. type 2 fractures, the surgical option of fixation of the fracture with retention of the prosthesis is usually undertaken. Intra-medullary devices such as the retrograde femoral nail have been described for such fractures. The advantage of the use of such a device is that only a limited dissection is required for insertion 10 . However, the size of the nail and whether a nail can be inserted depends on the size of the box at the femoral component and whether the box is closed or open. The distal locking screw requires 20mm of bone at least for most designs. There is concern about stress concentration at the proximal end of the nail, especially if there is an ipsilateral proximal femur implant such as a hip hemiarthroplasty.
Other implants which have been described for type 2 fractures include distal femur locking plates such as the Synthes LISS (Less Invasive Stabilisation System) which employs locking screws and only requires a limited dissection for implant insertion 11 . This implant was used for our patient. However, it requires an experienced operator and the contour of the plate cannot be altered.
In the presence of a loose prosthesis, a revision arthroplasty would be called for. The use of augments to address bone loss, in conjunction with a stemmed implant, can be used. For large bone defects which cannot be addressed by augments alone, a megaprosthesis can be used. However, the implant requires an extensive dissection for placement and it is difficult to revise subsequently. Allograft-implant composites have been described too as a means to address massive bone loss 12 . The use of an allograft carries the risk of disease transmission from the donor and the outcome is dependent on the allograft to host bone interface and problems of graft resorption or fracture.
The final goal in post-operative periprosthetic fractures is to have a pain-free knee with fracture union within six months allowing ambulation and flexion up to 90°1 3 . Rorabeck added further criteria including no more than 2cm limb shortening, less than 5° varus or valgus plane malalignment and less than 10° saggital plane malalignment 14 .
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Infection in Total Knee Arthroplasty
The risk of infection in total knee arthroplasty has been reported to be 1 to 2% 15 . Infection carries with it morbidity, prolonged hospitalisation and increased treatment costs. The offending organism can come from direct or airborne contamination at time of surgery or from haematogenous seeding from another infected organ or site. The risk factors for infected total knee arthroplasty include revision arthroplasty, seropositive rheumatoid arthritis, previous fracture around the knee, hinged/ constrained prosthesis and male patients 16 .
To make a diagnosis of an infected total knee arthroplasty, a high index of clinical suspicion is required. From clinical evaluation, features such a delayed wound healing, superficial infection, persisting drainage and persistent pain can be suggestive of a deep infection. Inflammatory markers such as the erythrocyte sedimentation rate and C-reactive protein can be used and have been reported to be elevated in the presence of infection 17 . A microscopic examination of a knee aspirate with a white cell count >1.7 x10 9 /l of which >65% consist of polymorphonuclear neutrophils (PMN) carries a 94-97% sensitivity and 88-98% specificity 18 .
Plain radiographs of the affected knee may demonstrate radiolucencies, osteopaenia, osteolysis or periosteal reaction. Adjunctive investigations include radionucleotide Technitium-99m bone scans and Indium-99m tagged white cell scans. Microbiological cultures from a knee aspirate are useful in identifying the offending organism. Intra-operative frozen section analysis may be helpful in decision-making in revision arthroplasty for "aseptic loosening". The criteria for infection has not been standardised and has been described as being >5 PMN per high-power field in 5 or more high-power fields 19 . The Centre for Disease Control criteria for superficial infection takes into account the clinical features of inflammation or infection and positive microbiological cultures 20 .
Infection in arthroplasty can be classified into 4 types: type I acute postoperative infection, type II late chronic infection, type III acute haematogenous infection and type IV positive intraoperative cultures 21 . The management of the infected total knee arthroplasty depends on the time of manifestation of the infection, the type of organism and patient's condition and fitness for surgery. For unexpected positive intra-operative cultures after primary or revision surgery a course of 6 weeks of antibiotics is recommended. Antibiotic suppression alone has been reported to be only 18% successful and is used in patients with poor pre-morbid medical conditions which preclude further surgery 22 . The organism should be of lowvirulence, susceptible to an oral antibiotic with low toxicity and the prosthesis should not be loose.
Operative debridement alone with retention of prosthesis has been described for patients with a short duration of symptoms less than 2 weeks with susceptible gram-positive organisms. There should not be a history of prolonged drainage or sinus formation and the prosthesis should not be loose. Pooled analysis of 445 knees by Hansen et al showed that in selected cases, such management was 31.5% successful 23 . Retention of implants without changing liner as in our patient, however, does not address the glycocalyx slime layer which forms on the surface of the prosthesis and which can form on the underside of modular components such as the tibia polyethylene liner. Furthermore, our patient received only oral antibiotics. Intravenous antibiotic therapy is recommended after debridement for 6 weeks 21 .
Resection arthroplasty has been described for low functional demand patients with rheumatoid arthritis. This involves debridement and removal of implants with casting for 6 months. Eighty-nine per cent of a series of 26 knees reported by Falahee et al were infection-free after resection arthroplasty. However, of the 15 patients who were able to walk, all of them required a walking aid 24 . Arthrodesis can be considered in high functional demand patients who are young with single joint disease who have disruption of the extensor mechanism with poor soft tissue. It is an option for immunocompromised patients with resistant organisms or where the antimicrobial regimen is toxic to the patient. It is however, contra-indicated in patients with bilateral knee disease, ipsilateral ankle or hip disease, segmental bone loss or contralateral amputations. Knutson et al reported 62% union in controlled infection and 19% union in persistent infection 25 . The various techniques for arthrodesis include external fixation, intramedullary nailing or plate fixation. Regardless of the technique employed, the patient with a knee arthrodesis would have problems with sitting.
For patients with life-threatening systemic sepsis or with multiple revisions, chronic infection, severe bone loss or intractable pain, an aboveknee amputation may have to be performed. This procedure is required in <5% of infected total knee arthroplasties 23 . In a series of 23 patients with above-knee amputations by Pring et al, half of the patients were wheelchair bound, highlighting the limited function and mobility of above-knee amputees 26 .
Reimplantation can be performed as a single-stage exchange revision i.e. direct exchange or a 2-stage revision. A single-stage exchange revision with the use of antibiotic-impregnated cement has been reported to be 74% successful in 176 knees. Without antibiotics in the cement, the procedure has been reported to be successful in 11 of 19 patients as reported by Hanssen et al 23 . This is limited to highly selected patients with infection from gram-positive organisms. The 2-stage exchange revision was described by Insall in 1983 and involves debridement, removal of the prosthesis and insertion of cement spacers followed by 4 to 6 weeks of intravenous antibiotics 27 . It has been reported to be up to 97% successful for treating the original micro-organism and 90.6% of patients have been reported to be infection free at 7.5 years 28 . Adjuncts such as antibiotic-impregnated beads or cement can be employed too. The problems with 2-stage revision stem during the interval period prior to replantation include pain, instability and mobility problems. There are problems with scar tissue, shortening of the extensor mechanism and ligaments and capsular retraction. Cement spacers can be articulating which can allow for some range of motion in the affected knee joint. In view of the aforementioned problems which the surgeon may face at revision, a posterior-stabilised, constrained design or hinged knee prosthesis would be required.
For re-infection after revision surgery, the outcome is grim. Hanssen reported that in his series of 24 knees with re-infection, 10 required arthrodesis, 5 were on long-term suppression with retention of prosthesis, 4 required an above-knee amputation, 3 had persistent pseudoarthrosis, 1 had resection arthroplasty and only one had resolution of infection with retention of prosthesis 29 .
ConClusIon
Total knee arthroplasty is a frequently performed and successful operation. The complications though not common, are challenging to address and require early recognition and intervention with an appropriate referral to a dedicated arthroplasty surgeon with the requisite expertise for revision surgery when necessary to obtain a favourable clinical outcome.
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